Experimental Methods

Materials.
ES (99%, J&K Scientific Ltd), DMS (99%, J&K Scientific Ltd), and Pyr 1,2O1 TFSI (99%, Shanghai Chengjie Chemical Co. LTD) were used after dehydration for 12 h. LiODFB (0.4 M) was dissolved in Pyr 1,2O1 TFSI with and without sulphites in an argon-filled glove box to prepare the three systems of composite electrolytes: 0.4 M LiODFB in Pyr 1,2O1 TFSI, 0.4 M LiODFB in Pyr 1,2O1 TFSI:ES (7:3 by weight), and 0.4 M LiODFB in Pyr 1,2O1 TFSI:DMS (7:3 by weight). Water content of the electrolyte systems were less than 20 ppm.
Preparation of electrodes and cell manufacture.
Anodes used in electrochemical half-cells of Li/MCMB (or Li/LiFePO 4 , Li/LiCoO 2 ) consisted of 80 wt% active material, 10 wt% acetylene black, and 10 wt% polyvinylidene fluoride. The mixed slurry was coated onto the current collector, dried at 70 °C under vacuum and cut into pellets as the size of diameter 8mm and the areal loading of about 4.5mg cm -2 . Electrochemical half-cells were assembled using a Celgard®2300 separator and with the prepared electrolytes in the argon-filled glove box.
Instruments and characterizations.
The IR spectra of the electrolyte samples were recorded on a NICOLET6700 spectrometer at 4000 cm -1 -400 cm -1 under an Ar atmosphere. The ionic conductivity and the electrochemical impedance spectra (EIS) were measured using a CHI660D electrochemical workstation over the test frequency range of 10 5~1 0 Hz and 10 5~1 0 -2 Hz, respectively. The electrochemical windows for various electrolytes sealed in a glass cell with a platinum wire as the working electrode and Li foil as the reference and counter electrodes were tested by cyclic voltammetry (CV) on a electrochemical workstation in the voltage range of -0.5 V to 6.0 V at a scan rate of 0.1 mV·s −1 . Constant current charge-discharge experiments were 3 carried out on a Land cell tester at a current density of 0.1C (30 mA g -1 for the anodes and 15 mA g -1 for the cathodes), and the operating temperature range was set in -40 °C -60 °C.
For Li/MCMB cells, the operation voltages were set at 2V-0.005V. For Li/LiCoO 2 and Li/LiFePO 4 cells, the operation voltages were set at 4.2V-2.7V and 4.2V-2.5V respectively. 
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